Abstract: Twenty Salmonella Infantis strains resistant against kanamycin, tetracycline, neomycin, spectinomycin, sulphonamide, nalidixic acid and trimethoprim were selected for this study out of 103 Salmonella strains isolated from broiler samples collected from several markets in the Bolu and Ankara regions of Turkey. The resistance genes aadA1, aphA1, sul1, tet(A), dfrA5/dfrA14 and gyrA were determined for these multidrug-resistant S. Infantis strains. S. Infantis strains contained a mega plasmid with the molecular size of 206 kb. The strains were divided into three groups according to the pulsed field gel electrophoresis patterns of XbaI digested chromosomal DNA. A Ser83→Tyr83 point mutation was found in the gyrA gene of all quinolone-resistant isolates. Filter mating experiments showed that 206 kb plasmid transferred nalidixic acid resistance associated with class I integrons.
Introduction
The frequency of resistance among food-borne pathogens has dramatically increased presumably because of selective pressures imposed by extensive use of commercial antibiotics in human and veterinary medicine (Witte 2000; Gebreyes & Altier 2002; Perron et al. 2008 ). Furthermore, combinations of different classes of antimicrobial resistance genes have resulted in the emergence of multidrug-resistant strains that may pass from food animals to humans (Perron et al. 2008) . Acquired antimicrobial resistance phenotypes most often develop via conjugative transfer of extrachromosomal DNA elements (plasmids) (Threlfall 2002; Carattoli 2003) . These plasmids may carry mobile DNA elements, such as class I integrons, which are important in the proliferation of multidrug-resistance among Gramnegative bacteria (Chen et al. 2004; Gay et al. 2006; Lapierre et al. 2008) .
Salmonella enterica is one of the most important food-borne pathogens throughout the world (Nogrady et al. 2008) . The most prevalent serotypes in humans are serovars Typhimurium and Enteridis; in cattle, serovars Typhimurium and Dublin; in pigs, serovars Choleraesuis and Typhimurium; and in chickens, serovars Enteridis, Infantis and Typhimurium (Duijkeren et al. 2002; Nogrady et al. 2007 ). The incidence of resistance to quinolones in bacteria from foodproducing animals has been recognized as a primary public health problem (Malorny et al. 2003) . The levels of resistance and multiresistance have been evaluated for S. enterica serovars. However, resistance genes and the transmission of integrons in Salmonella Infantis strains has previously not been studied in Turkey.
In the present work, we describe a 206 kb self transmissible plasmid responsible for nalidixic acid resistance in multidrug-resistant S. Infantis strains isolated from broiler samples in Turkey.
Material and methods
Phenotypical and molecular characterization of the strains One hundred and three Salmonella strains were isolated from broiler samples collected from several markets in the Bolu and Ankara regions of Turkey. The strains were serotyped according to the Kauffmann-White scheme and phage-typed following scheme used at the Health Protection Agency (HPA, London, UK). Antimicrobial susceptibility for kanamycin (30 µg), neomycin (10 µg), nalidixic acid (30 µg), tetracycline (30 µg), spectinomycin (10 µg), sulphonamide (300 µg), trimethoprime (5 µg), ampicillin (10 µg), amoxicillin/clavulanic acid (30 µg), ceftiofur (30 µg), chloramphenicol (30 µg), florfenicol (30 µg), gentamicin (10 µg), ciprofloxacin (5 µg), trimethoprim/sulfamethoxazole (25 µg) and streptomycin (10 µg) was investigated by the disc diffusion (Mueller Hinton Broth, supplemented with 1.5% agar, Oxoid, UK) and microdilution (using Mueller Hinton Broth) Clinical and Laboratory Standards Institute methods (Wayne, PA, USA). Pulsed field gel electrophoresis (PFGE) was carried out according to the standardized Salmonella protocol of the CDC PulseNet (http://www.pulsenet-europe.org/). Patterns were defined considering bands ≥50 kb. The S. Braenderup H8912 strain was used as a control and concatemers of lambda DNA (New England BioLabs, Ipswich, USA) were used as size marker molecular standard. Plasmid isolation was performed by the method described by Kado & Liu (1981) . Plasmid size was measured by using Kodak 1D Image Analysis Software (Eastman Kodak Co., USA). Supercoiled DNA ladder (BAC-Tracker Supercoiled DNA ladder, Epicentre Biotechnologies, USA) was used as a size marker for calculation of plasmid sizes.
The detection of antimicrobial resistance genes, class I integrons and mutations in the nalidixic acid resistancedetermining regions was performed by polymerase chain reaction (PCR) amplification and sequencing as described by Guerra et al. (2004) (Table 1 ). The PCR reaction was carried out in a 50 µL volume containing 10× PCR buffer, 1 U Taq DNA polymerase (Finnzymes, Finland), 1.5 mM MgCl2, 200 ng of each primer and 100 mM of each dNTPs. The PCR was performed using GeneAmp9700 Thermocycler (Applied Biosystems, USA) under the following conditions: pre-denaturation for 5 min at 94 Plasmid curing and conjugation assays Multidrug-resistant S. Infantis strains isolated from broiler samples were used as donor strains in conjugation experiments. Carbenicillin-resistant S. Typhimurium MA1 strain, a carbenicillin-resistant derivative of S. Typhimurium LT2, was used as recipient strain. Conjugation was performed by the filter mating as described previously (Clewell et al. 1985) . Transconjugants were selected from MuellerHinton agar plates (Oxoid, UK) containing carbenicillin (100 µg/mL) and nalidixic acid (100 µg/mL). The 206 kb plasmid was cured from transconjugants by using 35 µg/mL acrifilavine (Sigma Chem. Co., USA) in culture medium.
Results and discussion
Twenty of the 103 Salmonella-positive broiler samples contained S. Infantis strains. All strains, except for the strain SI40, were resistant against kanamycin [minimum inhibitory concentration (MIC) > 64 µg/mL], tetracycline (MIC > 32 µg/mL), neomycin (MIC > 32 µg/mL), spectinomycin (MIC > 128 µg/mL), sulphonamide (MIC > 512 µg/mL), nalidixic acid (MIC > 128 µg/mL) and trimethoprime (MIC > 32 µg/mL). The strain SI40 was found to be sensitive against kanamycin and neomycin. Other MIC values for SI40 were the same as for the remaining strains mentioned above (Table 2) . Increase in the prevalence of multiple antibiotic resistance in non-typhoid Salmonella is now a common phenomenon in developing countries, including Turkey (Icgen et al. 2001; Avsaroglu et al. 2007; Nogrady et al. 2008) . This is the first report on the isolation and identification of multidrug-resistant S. Infantis strains from broilers in Turkey. The high level of multidrugresistance phenotypes may be caused by the frequent use of over the-counter drugs without proper medical supervision in broiler farms. It is well known that antibiotic usage promotes the persistence of S. Infantis clones in the broiler chickens (Berndt et al. 2007 ). The resistance genes detected in the S. Infantis strains were aadA1, aphA1, sul1, tet(A), dfrA5/dfrA14 and gyrA. All strains exhibited mutation in the gyrA region resulting in the amino acid substitution Ser83→Tyr83 (Table 2) . Quinolone resistance in field isolates of S. enterica belonging to several serotypes has been reported with increasing frequency in recent years (Liebana et al. 2002; Nogrady et al. 2007 ). World Health Organisation classified quinolones as critically important antimicrobial agents for human medicine. It is also known that these antimicrobials used in animal feed lead clonal spread of antimicrobial resistant strains via domestic livestock products (Kim et al. 2011 ). Salmonella resis- 
a Strains are grouped according to their PFGE profiles. 679, 630.5, 582, 533.5, 485, 436.5, 388, 339.5, 291, 242.5, 194, 145.5, 97, 48.5 kb. tance to quinolones is usually consequence of a single point mutation in quinolone-resistance determining regions (QRDR) of the gyrA gene, which encodes the A subunit of DNA gyrase. Amino acid changes have been detected in gyrA at positions Asp87→Tyr87 in S. Paratyphi B and S. Enteriditis, Asp87→Asn87 in S. Hadar, Ser83→Tyr83 in S. Infantis or in gyrB at position Ser464→Phe464 in S. Virchow (Malorny et al. 2003; Marimon et al. 2004; Kehrenberg et al. 2007 ). This is in agreement with our data on the high level nalidixic acid resistance resulting from the point mutation in the gyrA gene (Ser83→Tyr83) in S. Infantis. The isolates were evaluated for strain relatedness by plasmid content and PFGE. All strains harboured only one mega plasmid with the molecular size of 206 kb. PFGE patterns of XbaI digested chromosomal DNA of 20 S. Infantis strains are shown in Figure 1 . The similar PFGE patterns (up to two different bands) were defined and grouped as SI-I (2 strains), SI-II (3 strains) and SI-III (15 strains) (Fig. 1) . Highly similar antibiotic resistance characteristic of the strains were indicating the clonal dissemination of these clusters. The emergence of multidrug-resistant clones in S. Infantis in broilers and humans was reported in several countries (Marimon et al. 2004; Shahada et al. 2006; Asai et al. 2007) . All S. Infantis strains presented class I integrons with the variable regions of 1.0 kb and 1.2 kb. The aadA1 and dfrA5/dfrA14 were found on 1.2 kb and gyrA on 1.0 kb regions of class I integrons. Other genes, aphA1 and tet(A) were not found in class I integrons of any strain. The presence of aadA1, gyrA and dfrA5/dfrA14 genes within the class I integrons were confirmed by DNA sequence analysis. The presence of class I integrons on plasmids is considered to be the main mechanism for the rapid spreading of multidrug-resistant phenotypes among Gram-negative bacteria (Hamada et al. 2003; Avsaroglu et al. 2007; Perron et al. 2008) . Class I integrons and gyrA gene were amplified on 206 kb mega plasmid DNA samples purified from agarose gel to determine their presence. This finding is important since the gyrA gene having the QRDR mutation on plasmid represents the first report in literature. By using class I integron-specific primers, only 1 kb PCR fragment was produced on 206 kb plasmid. The 1 kb PCR product was purified from an agarose gel and used as template DNA for amplification of a 346 bp DNA fragment, using gyrA primers. Sequence analysis of purified PCR product showed that 1 kb fragment of class I integron contained the gyrA gene with Ser83→Tyr83 mutation. Conjugation ability of the 206 kb plasmid was determined after filter mating experiments. S. Typhimurium MA1 (carbenicillin resistant derivative of S. Typhimurium LT2) was used as recipient, whereas Turkish S. Infantis strains (randomly selected members from each PFGE groups) were used as donors in all conjugation experiments and transconjugants were selected on Mueller-Hinton agar plates containing carbenicillin and nalidixic acid. Plasmid analysis demonstrated that all transconjugants carried 206 kb plasmid (Fig. 2) . Other resistance phenotypes of donor strains, such as kanamycin, tetracycline, neomycin, spectinomycin and sulphonamide were not detected in 206 kb plasmid bearing transconjugants. Nalidixic acid resistant transconjugants became sensitive after being cured from their 206 kb plasmid by treatment with 35 µg/mL acriflavine. Conjugal transfer ability of nalidixic acid resistance determinants possesses a significant threat not only through the foodborne salmonellosis attributed to chicken meat consumption, but also via the lateral gene transfer of nalidixic acid resistance determinants to commensal or pathogen bacteria of the human gastro-intestinal tract. Further studies are needed to elucidate the molecular evolution of quinolone resistance in S. Infantis strains.
